admission. 3, 4 The success of any RRS relies on the ability of the ward HCS to not only recognize patient deterioration but also their own belief that activating the MET will result in patient benefi t. Some evidence suggests that HCS may not appreciate their important role in and the benefi ts to MET activation. 5, 6 Shearer et al 6 suggested that many bedside staff believe that even when a patient meets activation criteria, no harm will come to the patient if they don't activate the MET. Jones et al 5 also suggested that nurses, specifi cally, may not fully appreciate the benefi t of calling the MET, as they are unaware of the outcome for their patients if they activate the MET. Currently, there are no studies describing the relative contributions of different HCS in MET activations and the differences in patient outcomes. Understanding the differences in patient characteristics and disposition among HCS could be an important part of RRS process improvement initiatives aimed at enhancing the effectiveness of the afferent limb.
The objective of this study was to report patient characteristics, MET interventions, and patient disposition by the type of activating HCS at a pediatric tertiary hospital with a well-established RRS. Our goals were to explore whether HCS activate the MET differently and, if so, whether the difference is associated with patient disposition.
METHODS

Study Design and Setting
This is a cohort study of patients <18 years old, who received MET activation during hospitalization at the Children's Hospital of Eastern Ontario (CHEO) in Ottawa, Canada, over a 49-month period between February 2007 and December 31, 2011. CHEO is a freestanding tertiary pediatric hospital affi liated with the University of Ottawa and is accredited for training by the Royal College of Physicians and Surgeons of Canada. There is a pediatric cardiac surgical program and a Pediatric Critical Care Training Program. CHEO has 166 inpatient beds, including 10 beds in the PICU and >6000 admissions to the hospital each year. There are no in-house overnight hospitalists.
Description of RRS
The Ministry of Health and Long Term Care of Ontario funded CHEO to implement an RRS by using a physician-led MET in 2006. The MET is composed of a critical care physician, critical care nurse, and critical care-trained respiratory therapist. A dedicated PICU physician attends all daytime activations with overnight coverage provided by in-house PICU fellows or residents with PICU attending back-up. Any HCS can activate the MET day or night with patients' parents/guardians activating the MET through their primary nurse or physician. The criteria for MET activation are based on the criteria by Tibballs and Kinney 7 and include activation for parent/guardian or HCS concern. The MET is activated by using a dedicated pager with the MET arriving within 5 to 10 minutes at the patient bedside. The MET assessment involves participation of the HCS who activated the team and the patient's primary nurse and physician, with the MET deciding whether the patient requires PICU admission. The patient's primary medical team usually consists of 1 attending physician, 1 senior resident, and multiple junior residents and medical students. If the patient remains on the inpatient ward, he or she may be followed until the MET and the primary medical team agree that the patient no longer requires follow-up. The MET does not respond to patients in the emergency department, operating room, post-anesthetic care unit or NICU. MET activations replaced all PICU consultations for inpatients with transfer to the PICU occurring only through an activation of the MET. Replacing all PICU consultations with MET activations was done to increase MET utilization and interprofessional care during patient deterioration; the rationale being that if a patient was sick enough to require PICU consultation, and possible transfer, he or she would benefi t from all MET members at the bedside. The CHEO RRS is a 2-tiered system, as MET activations and code blues are distinct with 2 separate teams responding. Patients discharged from the PICU are followed by the MET with 2 visits in 48 hours to ensure a smooth transition to the inpatient ward.
RRS Electronic Database
Since January 2007, CHEO has prospectively collected information on RRS activity through a data collection tool and database developed by experts. 8 After CHEO Research Ethics approval, patient assessments representing MET activations and follow-up visits were identifi ed and extracted from the database. A MET activation was defi ned as a new referral to the MET. A follow-up visit was defi ned as a planned assessment by the MET for a patient triaged to remain on the inpatient ward. A PICU discharge assessment was defi ned as a planned visit of a patient recently discharged from the PICU. An unplanned PICU discharge assessment occurred when the MET was called to see a patient before, or in addition to, the planned PICU discharge assessment. An unplanned MET follow-up assessment occurred when the MET was called to see a patient before, or in addition to, the planned MET followup after an activation. MET activation and follow-up visits were linked such that a full patient encounter could be described and evaluated. The primary exposure of interest was the activating HCS, grouped into 3 categories: physician (including attending physician or resident), nurse, and other (respiratory therapists, physiotherapists, social workers, administrative staff, and parents/guardians). The outcome of primary interest was PICU admission; the analysis evaluated not only the assessment as part of the MET activation, but included subsequent follow-up visits. Secondary outcomes were the number and type of interventions performed. For each patient assessment, the database recorded the specifi c interventions and investigations performed by the MET, including airway repositioning or suctioning, artifi cial airway placement, intubation, noninvasive ventilation, nebulized medications, chest physiotherapy, insertion of pleural drain, vascular access, fl uid or blood product administration, inotropes or vasopressors, antiarrhythmics, mannitol/3% saline, or request for chest radiography. Patient charts were also reviewed and the following interventions or investigations were recorded: antiepileptics, steroids, analgesics and sedatives, antihypertensives, magnesium sulfate for asthma, diuretics, antibiotics, oxygen, laboratory testing, imaging, and modifi cation to intravenous fl uid. When data elements were missing in the RRS database, MET activation forms were reviewed.
Statistical Analysis
For descriptive statistics, continuous variables were provided as medians with interquartile ranges (IQRs) and categorical variables were presented as point estimates with 95% confi dence interval (CI). Associations were sought between exposure, outcome, and other patient characteristics by using χ 2 or Fisher's exact (categorical variables) and Wilcoxon rank sum (continuous variables) tests. Multivariate logistic regression analysis was used to control for potential confounders of the association between the activating health care provider type and PICU admission. To avoid multivariate model overfi tting, only variables with P < .20 in univariate analysis were considered. A backward elimination regression approach was used beginning with all potentially signifi cant variables and eliminating the least signifi cant variable until all remaining had P < .05. Odds ratios (ORs) were reported with 95% CIs. A P < .05 was considered statistically signifi cant. SAS software (version 9.3; SAS Institute, Inc, Cary, NC) was used for the statistical analysis and sigmaplot (version 12.3; Systat software) for graph preparation.
RESULTS
Number and Type of Activations
During the 49-month study period, there were 800 MET activations on 626 separate patients identifi ed within the database, for an activation rate of ∼31 activations per 1000 hospital admissions (∼26 000 admissions in 49 months). There were 672 (84.0%) new activations, 61 (7.6%) unplanned PICU discharge assessments, with the remaining 67 (8.4%) representing unplanned MET follow-up assessments of ward patients.
Cohort Characteristics
The median patient age at time of activation was 34 months (IQR 4.5-134). For the study cohort, 625 (83%) were admitted under a medical service, with the remaining 17% cared for by a surgical specialty. In total, 86 (10.8%) were recorded as having had surgery in the past 7 days. More than half (59.4%) of the patients were identifi ed as having 2 or more diseased organs at time of the MET activation. There were 458 activations (57.3%) daytime (07:00-19:00) activations with 74 (10.9%) occurring on a weekend day. Activations during the winter months were most common (279, 34.9%) with activations during summer and spring months having the lowest frequency (144, 18%). Broad categories were used to identify the reason for activation, and included respiratory (388, 48.5%), circulatory 
Activation Outcomes
A total of 174 activations (21.8%) resulted in a PICU admission at the time of fi rst assessment. Twenty-three patients (2.9%) were admitted to the PICU on a planned follow-up visit after the new activation. At the initial MET activation, the MET performed at least 1 intervention in 595 (74.4%) cases, with 614 (76.7%) of the cases receiving at least 1 MET intervention over the course of the patient encounter (activation and follow-up visits).
Activator Characteristics
At least 1 HCS activator could be defi ned from the electronic database for 753 activations, and after review of the patient chart this number was increased to 769. As the database allowed >1 activator to be recognized, 47 (5.9%) of the MET activations had 2 or more HCS activators. The most common activators were physicians (410, 53.3%). Nursing staff generated a comparable number of activations (367, 47.7%), whereas other HCS were involved in 40 activations (5.2%).
Comparison of Patient Disposition and Characteristics by Activator Type
As shown in Fig 1, there were significant differences between activator groups and PICU admission rates (P < .004). For the direct comparison of physicians and nurses groups, nurserequested activations had statistically lower PICU admission rates after both the initial MET activation (25.2% vs 15.0%, P = .001) and over the entire encounter (29.0% vs 17.8%, P = .0006). Given the small size of the other activator category, no further comparisons concerning this group were performed. Table 1 compares patient characteristics, activation characteristics, and other MET outcomes between nurseand physician-requested activations. Nursing-requested activations were 3 times more likely to occur on children already being followed by the MET after PICU discharge (a planned follow-up visit) and to involve surgical patients. Physician-requested activations were more likely to occur during the daytime and on the weekend. No difference, between physicians and nurses, was observed for the 3 major indications (respiratory, circulation, neurologic), and the groups received a similar number and type of interventions. After adjustment for numerous potentially confounding variables (shown in Table 2 ), including recent surgery and most responsible service, nurse activation remained signifi cantly associated with reduced odds of PICU admission (OR 0.58; CI 0.40-0.84). Table 3 shows the frequency of specifi c interventions for nursing-and physician-requested activations. Only sedative use was determined to be statistically different, with the higher rate occurring among nurse-requested MET activations (5.9% vs 2.7%, P = .04). We further explored the observation that surgical patients were overrepresented within the nursing subgroup through an evaluation of variable interactions. As shown in Table 4 , for both medical and surgical patients, nurse-initiated activations were statistically less likely to be admitted to the PICU. Further, the odds of PICU admission were much lower when nurses activated on patients admitted under a surgical service compared with a medical service (OR 0.19 vs 0.67; P = .03). Despite this difference, surgical patients with nursing-led activations were just as likely to receive a MET intervention (78% vs 78%), and had an identical median number of interventions and IQR (median 2; IQR 1-4) when compared with medical patients.
Patient Disposition and Characteristics by Activator Number
PICU admission rates were higher for patients identifi ed as having multiple HCS activate the team (Fig 1) . Despite the small sample size, the difference in proportion who were admitted to the PICU after MET activation achieved statistical signifi cance (34.0% vs 20.6%; P = .03). Patients who had multiple HCS agree to activate the MET were statistically more likely to have a respiratory indication (66.0% vs 48.8%; P = .02) and to have the activation occur in the context of a recent MET activation (19.2% vs 7.5%; P = .01). Although differences in age and rates of daytime activations were suggested, neither quite achieved statistical signifi cance.
DISCUSSION
This study focused on the RRS afferent limb and the HCS responsible for initiating a MET assessment. Our results show that patient disposition differed by activating HCS, with patients who had activations initiated by physicians signifi cantly more likely to be admitted to the PICU despite similar types and number of interventions provided during the MET activation. Furthermore, our results demonstrate that when multiple HCS activate the MET together, patients are more likely to require PICU admission.
Our results show an almost equal distribution of MET activations from nurses and physicians. Our results also suggest that HCS sometimes collaborate and discuss a MET activation together (6%). This study demonstrates that nurses were signifi cantly more likely to activate during the day and on surgical patients. We suspect that compared with general pediatric medical staff, surgeons may be less available for patient assessments during the day because of operating room commitments. 9 Our fi nding of similar frequency of nurse-and physician-initiated activations, while on potentially different patient populations, highlights the important contribution of all HCS types in the identifi cation of at-risk patients.
This study evaluated for differences in patient characteristics, MET interventions, and patient disposition depending on the HCS activating the MET. No signifi cant differences were found between nurse-and physicianinitiated activation in indication, proportion of patients with multiple diseased organs, or number of interventions received during the MET activation. Evaluation of intervention type further showed that nurse-or physician-initiated activations equally required signifi cant MET interventions, including ventilator support, vascular access, and fl uid boluses. With the exception of slightly higher sedative use for patients after nurse-initiated activation, there were no signifi cant differences for any intervention. These Although this analysis demonstrated that both nursing-and physicianinitiated activations frequently result in PICU admission, our results showed that a signifi cantly higher proportion of patients require PICU admission when a physician requests the MET activation.
Our results also showed that the odds of PICU admission were much lower when nurses activated the MET for patients admitted under a surgical service compared with a medical service.
Research supports the need for ongoing education initiatives to inform all HCS of their important role in using the RRS. 1, 5, 6 Our study demonstrates an effective afferent RRS arm requires support and activation from multiple HCS. We showed that patients are just as likely to receive the same number and type of interventions regardless of which HCS activate the MET, which may help address concerns regarding nursing comfort and confi dence in activating the MET for their patients. Jones et al 5 suggested that the number of activations by the bedside nurse could be increased by collaborative communication regarding patient outcomes after MET activation.
This study has a number of limitations. First, this is a single-center study using an administrative database that may include absent confounders and missing data. We did address the limitation of missing data through a review of hospital RRS paper charts. Most importantly, with the exception of diseased organs and evaluating the number and type of MET interventions, it was not possible to further report on, or better control for patient complexity or illness severity by using a validated score (eg, Pediatric Early Warning Score). Further, the database did not collect detailed reasons for or against timing of MET activations. Second, as all PICU consultations have been replaced by MET activations in our hospital (and the province of Ontario), it is possible that Data are expressed as percentages (counts). ORs represent risk associated with PICU admission for nursing-initiated MET activations compared with physicians within each of the most responsible service groups. The ORs provided (with 95% CI) represent the odds of admission for nurses relative to physicians for both medical and surgical patients. a The P value shown tests whether the difference in OR for the 2 groups was statistically signifi cant. This was calculated from the change in likelihood ratio statistic after inclusion of an interaction term into logistic regression model.
FIGURE 1
PICU admission rates by HCS activator type and number. Black bars represent admission rates after the fi rst MET assessment and gray bars represent rates after the fi rst or subsequent reassessments. Total counts for each category were physician (n = 369), nurse (n = 320), other (n = 33), and multiple HCP (n = 47). χ 2 test for differences in proportions among the 4 groups determined statistical signifi cance for both initial visit (P = .001) and any visit (P = .003). We could not identify the activator type for 31 patients. the total number of MET activations is falsely elevated, as the activation rate includes physicians who would have previously asked for a direct consultation with a PICU physician. This occurrence, and other unmeasured disparity in case-mix complexity or severity, could contribute to some of the signifi cant difference in PICU admission rates between nurses and physicians. Finally, numerous post hoc analyses were required to properly evaluate differences in patient type and MET activation outcomes by HCS type and number; as an exploratory analysis, we did not adjust for multiple comparisons.
CONCLUSIONS
This study evaluated for differences in patient characteristics and disposition depending on the HCS who activate the MET. Our results show that when physicians activate the MET, the patients are more likely to require PICU admission despite receiving the same type and number of interventions as when nurses activate the MET. The results of our study may help RRS administrators provide targeted education initiatives aimed at specifi c HCS to improve their use of the MET.
